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Abstract
We compared the functional traits of leaf blades and culms of common reed (Phragmites australis) in four habitat
types of distinguished environments such as temperature, precipitation, water characteristics, and indices related to
biomass production (montane fen, MF; riparian marsh, RM; lagoon, LG; and salt marsh, SM). We also examined the
relationships between the functional traits within and among populations. Four populations showed remarkable
differences in the functional traits of leaf blades and culms. MF and RM had relatively tall (> 300 cm) and thick
(> 8 mm) culms bearing long leaf blades (> 40 cm), whereas LG and SM had relatively shorter and thinner culms
bearing shorter leaf blades than MF and RM. Some relationships between the functional traits of leaf blades and
culms showed negative or not significant correlations within the population, whereas most of the relationships
between the functional traits showed positive correlations particularly when all the data from four populations was
included into the correlation analysis.
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Background
Common reed (Phragmites australis [Cav.] Trin. ex Steud.)
is one of the most widely distributed macrophytes on earth.
P. australis has been observed throughout most continents
such as Africa, America, Asia, and Europe (Engloner 2009;
Hong and Kim 2011; Köbbing et al. 2013). In addition to
the horizontal distribution, P. australis has also been re-
ported to show vertically wide distribution from salt
marshes to montane fens at extreme altitude (Hong and
Kim 2011; Park et al. 2013; Nam et al. 2018a). Phragmites
australis is not only one of the most-widely distributed but
also one of the most productive macrophytes that could
reach over 6m in canopy height and/or 4 kg/m2 in standing
crop production (Engloner 2009; Hong et al. 2014b).
Phragmites australis of high productivity plays ecologically
important roles in providing foods, resources, and shelters
for various lives (Köbbing et al. 2013).
As similar in other countries, P. australis functions
with various ways in wetland ecosystems of Korea
(Asaeda and Karunaratne 2006; Köbbing et al. 2013;
Hong et al. 2018; Nam et al. 2018b). As well as natural
wetlands of various types, P. australis mainly constitutes
the vegetational components of artificial wetlands for
water purification and ground stabilization because of
high productivity and environmental tolerances (Hong
et al. 2014b; Nam et al. 2018b). Phragmites australis of
high buoyancy and salt tolerance plays a critical role as
the major component of floating marshes and salt
marshes in Korea (Hong et al. 2018; Nam et al. 2018a).
In particular, it has been reported that floating mats
composed mainly by P. australis could stably provide
habitats for diverse endangered species (Kim et al. 2013;
Hong et al. 2018).
Different morphology and/or population structure of a
species could determine functions differently, and such
different functions, in turn, affect services and value of
ecosystems (Hong et al. 2018; Park et al. 2018). Thus,
studies on the differences in morphology and/or popula-
tion structure are of importance in understanding eco-
logical roles of a certain species particularly in various
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habitat types. In that context, a number of studies on
the functional traits of P. australis have been performed
in Korea. According to Lee and Yang (1993), P. australis
grew differently depending on the level of salinity. Hong
and Kim (2011) also reported that P. australis could
show different functional traits depending on the habitat
type. Hong et al. (2018) noted that P. australis could in-
habit in oligotrophic water conditions. Although numer-
ous studies have been conducted to understand the
functional traits of P. australis in Korea, most of the pre-
vious studies mainly focused on quantitative indices
related to productivity such as shoot height, density, and
biomass production in relations to environmental gradi-
ents and differences (Lee and Yang 1993; Hong and Kim
2011; Hong et al. 2014a, 2018). On the other hand, the
study on the functional traits of blade and culm of P.
australis is lacking yet.
Even though leaf blade and culm constitute the stand-
ing crop of P. australis together, those two components
could differently contribute to the productivity including
litter. Those two components are known to differently
affect the decomposition process of organic matters due
to different lignin contents (van Ryckegem et al. 2006).
In addition to the chemical difference, it has also been
reported that standing dead culms remain a couple of
years, whereas leaf blades easily fall off and decompose
rapidly, indicating different contributions to the process
of litter decomposition (Gessner 2000). To understand
production, decomposition, and nutrient dynamics in P.
australis-dominated wetland ecosystems in detail, we
need to take the approach that considers those two com-
ponents separately.
Thus, in the present study, we tried to focus on the
functional traits of the leaf blade and culm of P. austra-
lis. To examine differences in the functional traits of leaf
blade and culm, we chose four habitats of distinguished
environmental conditions such as temperature, precipi-
tation, water characteristics, and indices related to
biomass productions. We compared the differences in
the functional traits of leaf blades and culms of four P.
australis populations and also examined the relation-
ships between the functional traits of leaf blades (length
and number/culm) and culms (height and diameter) of
within and among populations.
Methods
Four types of P. australis-dominated wetlands were se-
lected as sampling sites (Additional file 1: Figure S1):
montane fen (hereafter MF; 37° 50′ 31″ N, 128° 33′ 12″
E), riparian marsh (RM; 37° 27′ 59.4″ N, 127° 18′ 11″
E), lagoon (LG; 38° 21′ 26″ N, 128° 30′ 17″ E), and salt
marsh (SM; 34° 50′ 16″ N, 127° 27′ 00″ E). MF, RM,
and LG are mat-based floating wetlands, whereas SM is
a typical ground-based wetland. MF, RM, and LG are
classified as non-tidal freshwater wetlands, whereas SM
is as tidal saline-water wetlands. Study sites were totally
different in terms of environmental conditions such as
temperature, precipitation, water characteristics (electric
conductivity, pH, and cations), and indices related to
biomass production of P. australis (Additional file 1:
Figure S2 and Table S1). Culm (shoot) height and above-
ground dry weight of four populations also showed
clearly different levels among populations but not gradi-
ents (Additional file 1: Table S1). More detailed informa-
tion on the sampling sites is available in Hong and Kim
(2012) and Hong et al. (2018).
Field surveys were performed at the end of the grow-
ing season of each site. We sampled 60 shoots from each
site except 48 shoots from montane fen with considering
the conservative value of montane fen site, a Ramsar
wetland (Park and Kim 2012). Inner areas of each wet-
land site mostly covered with P. australis were consid-
ered as sampling places. Unnaturally short shoots due to
the status of broken or late growing were excluded in
the field survey (Haslam 1969). Reed shoots bearing an
inflorescence and fresh leaves were clipped at the level
of the water surface in floating mats (MF, RM, and LG)
and at the ground level in salt marsh site to measure the
functional traits of leaf blades and culms. Culm height
and blade length were measured using a measuring tape,
and culm diameter was by vernier calipers. The length
of inflorescence was included into the height of reed
culm, whereas the length of leaf sheath was not included
into the length of leaf blade. Culm diameter was mea-
sured at the bottom level of each culm (i.e., basal diam-
eter, the thickest part of each culm).
Analysis of variance (ANOVA), Duncan’s post hoc test,
and correlation analysis for the functional traits of leaf
blades and culms of four populations were performed by
using statistical software, SPSS package for Windows
(IBM SPSS Version 22.0, New York). Principal component
analysis (PCA) for growth characteristics of leaf blade and
culm was performed by R version 3.4.4 (R Core Team
2018) with the “vegan” package.
Results and discussion
Differences in functional traits of leaf blade and culm
Four P. australis populations were clearly divided based
on the functional traits of leaf blades (length and num-
ber/culm) and culms (length and diameter) by the PCA
analysis (Fig. 1). In addition, four populations were also
clearly divided into statistically different subgroups by
Duncan’s post hoc test (p < .05) based on their culm
height and blade length (Fig. 2a, d). The highest values
in culm height (354.5 ± 24.0 cm) and blade length (50.2
± 3.6 cm) were obtained in MF and were followed by, in
order, RM (284.3 ± 37.1 cm in culm height and 43.7 ±
4.6 cm in blade length), SM (194.3 ± 37.1 cm in culm
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height and 31.1 ± 4.6 cm in blade length), and LG (165.6
± 29.1 cm in culm height and 22.8 ± 4.2 cm in blade
length). In the case of culm diameter, four populations
were statistically divided into two groups (Fig. 2b). MF
(9.6 ± 1.3 mm) and RM (9.5 ± 1.4 mm) showed relatively
higher values than LG (7.5 ± 1.3 mm) and SM (7.5 ± 1.4
mm). In addition to the culm diameter, in the case of
the number of blade per culm, four populations were
also statistically divided into two groups (p < .05; Fig. 2c).
RM (11.2 ± 3.2 blades per culm) showed a relatively
higher value than the others (MF, 8.7 ± 1.4 blades per
culm; LG, 8.6 ± 1.6 blades per culm; SM, 9.2 ± 3.2 blades
per culm).
Based on the results from the previous studies and the
present study on the study sites (Hong and Kim 2012;
Hong et al. 2018), it might be said that four populations
of different habitat types are markedly different in terms
of inhabiting environmental conditions and functional
traits including the morphology of leaf blades and culms.
According to the previous studies, P. australis popula-
tions in different environments and/or habitat types
often show distinguished characteristics in terms of
morphology and growth performance (Engloner 2009;
Hong and Kim 2011). Varying morphology and growth
performance of P. australis from different environments
(or habitat types) might be the results of local adapta-
tion, probably indicating the ecotypic characteristics of
P. australis as a highly adaptive species in wetland eco-
systems (Hanganu et al. 1999; Hong and Kim 2013).
Relationships between functional traits of leaf blade and
culm
Four reed populations showed different patterns of the
relationships between the functional traits of the leaf
blade and culm (Additional file 1: Table S2). MF showed
only a significant relationship between the height and
diameter of culms (Pearson’s r = 0.622, R2 = 0.3869,
p < .001). On the other hand, RM, LG, and SM showed
three, five, and four significant relationships, respect-
ively. MF, RM, and LG showed positive correlations
only, whereas SM showed two positive and two negative
correlations (culm height-culm diameter, r = − 0.317,
Fig. 1 The PCA result based on the functional traits of leaf blade
and culm of P. australis populations from four habitat types. Dotted
ellipses indicate the 95% range of standard deviation of each population.
MF, montane fen (n = 48); RM, riparian marsh (n = 60); LG, lagoon (n = 60);
SM, salt marsh (n = 60)
Fig. 2 Differences in the functional traits of leaf blade and culm of P. australis populations from four habitat types (mean ± 1SD). a Culm height. b
Culm diameter. c Number of blade per culm. d Blade length. MF, montane fen (culm n = 48, blade n = 415); RM, riparian marsh (culm n = 60, blade
n = 672); LG, lagoon (culm n = 60, blade n = 517); SM, salt marsh (culm n = 60, blade n = 550). Different alphabets indicate statistically different
subgroups by Duncan’s post hoc test (p < .05)
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R2 = 0.1005, p < .05; culm height-blade number, r = −
0.679, R2 = 0.4610, p < .001).
Regardless of different patterns on the relationships
within populations, most of the relationships between
the functional traits (only except for the relationship
between culm height and blade number) showed sta-
tistically significant correlations when all the data
from four populations was included into the correl-
ation analysis (Additional file 1: Table S2). The rela-
tionship between culm height and blade number
derived from RM showed a high value (R2 = 0.6740,
p < .001), whereas the relationship derived from whole
sites showed not significant correlation (Fig. 3). On
the other hand, in the relationships between culm
height and blade length, only RM and LG showed
significant values (RM, R2 = 0.1781, p < .001; LG,
R2 = 0.3931, p < .001), whereas the relationship de-
rived from whole sites showed a markedly high value
(R2 = 0.7310, p < .001).
Although most of the relationships showed statistically
significant correlations when all the data from four pop-
ulations was included into the correlation analysis
(Fig. 3), the relationships including the number of blade
showed significant but relatively lower values (culm
diameter-blade number, R2 = 0.0471, p < .01; blade
number-blade length, R2 = 0.0396, p < .01) or not
Fig. 3 Relationships between the functional traits of leaf blade and culm of P. australis populations from four habitat types (n = 228). a Culm height
and culm diameter. b Culm height and number of blade per culm. c Culm height and blade length. d Culm diameter and number of blade per culm.
e Culm diameter and blade length. f Number of blade per culm and blade length. MF, montane fen (n = 48); RM, riparian marsh (n = 60); LG, lagoon
(n = 60); SM, salt marsh (n = 60). *p < .05, **p < .01, ***p < .001
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significant correlation (culm height-blade number)
(Fig. 3). In contrast, the relationships between the func-
tional traits of blade and culm except blade number
showed strongly positive correlations (Additional file 1:
Table S2).
Many studies have focused on the relationships be-
tween indices closely related to productivity such as
culm height, density, and aboveground dry weight
(AGDW) and morphological indices of P. australis such
as culm diameter and leaf blade length (Haslam 1969;
Engloner 2009; Hong and Kim 2011). Although a great
number of studies have been conducted to understand
the relationships between the functional traits of P. aus-
tralis, the consensus on the relationships has not been
obtained clearly. Some studies have found positive rela-
tionships between the functional traits such as the height
and diameter of culm, and the density of culms and
AGDW (Haslam 1969; Hong and Kim 2011). On the
contrary, some other studies have found negative rela-
tionships (Mook and van der Toorn 1982; Ritterbusch
2007) or even not significant relationships at all (Coops
and van der Velde 1996).
As similar with the previous studies, in the present
study, four P. australis populations showed different re-
lationships between functional traits depending on not
only the kind of functional trait but also the type of
habitat. Some relationships between the functional traits
showed negative or not significant correlations within
populations, whereas most of the relationships between
the functional traits showed positive correlations par-
ticularly when all the data from four populations was in-
cluded into the correlation analysis (Haslam 1969; Hong
and Kim 2011). In particular, unlike other P. australis
populations in freshwater marshes (MF, RM, and LG),
negative correlations between functional traits were ob-
tained only from the population in salt marsh (SM). It
might be the result of local adaptation because of distin-
guished environments between freshwater and salt
marshes (Hanganu et al. 1999). In order to deeply under-
stand the functional traits of P. australis and the rela-
tionships between those traits in detail, further studies
with focusing on the effects of genetic and environmen-
tal differences on the functional traits of P. australis are
needed.
Additional file
Additional file 1: Figure S1. The location of the study sites. MF =
montane fen, RM = riparian marsh, LG = lagoon, SM = salt marsh. Figure S2.
Mean temperature and precipitation (mean ± 1SE) in the study sites from
2012 to 2018. MF = montane fen, RM = riparian marsh, LG = lagoon, SM =
salt marsh. Table S1. Water characteristics and plant functional traits of the
study sites from the previous studies (mean ± 1SD). Table S2. The result from
the correlation analysis (Pearson’s r) on the functional traits of the leaf blade
and culm of four P. australis populations. (DOCX 219 kb)
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AGDW: Aboveground dry weight; LG: Lagoon; MF: Montane fen; RM: Riparian
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